Abstract. The fluorescence and absorption measurements of the samples collected from a surface microlayer 10 (SML) and a subsurface layer (SS), a depth of 1 m were studied during three research cruises in the Baltic Sea along with hydrophysical studies and meteorological observations. Several absorption (E 2 :E 3 , S, S R ) and fluorescence (fluorescence intensities at peaks: A, C, M, T, the ratio (M+T)/(A+C), HIX) indices of colored and fluorescent organic matter (CDOM and FDOM) helped to describe the changes in molecular size and weight as well as in composition of organic matter. The investigation allow to assess a decrease in the 15 contribution of two terrestrial components (A and C) with increasing salinity (~1.64% and ~1.89 % in SML and ~0.78% and ~0.71 % in SS, respectively) and an increase of in-situ produced components (M and T) with salinity (~0.52% and ~2.83% in SML and ~0.98% and ~1.87% in SS, respectively). Hence, a component T reveals the biggest relative changes along the transect from the Vistula River outlet to Gdansk Deep, both in SML and SS, however an increase was higher in SML than in SS (~18.5% and ~12.3%, 20 respectively). The ratio E 2 :E 3 points to greater changes in a molecular weight of CDOM affected by a higher rate of photobleaching in SML. HIX index reflects a more advanced stage of humification and condensation processes in SS. Finally, the results reveal a higher rate of degradation processes occurring in SML than in SS. Thus, the specific physical properties of surface active organic molecules (surfactants) may modify, in a specific way, the solar light spectrum entering the sea and a penetration depth of the solar radiation. Research 25 on the influence of surfactants on the physical processes linked to the sea surface become an important task, especially in coastal waters and in vicinity of the river mouths.
Introduction
The sea surface is a highly productive and active interface between the sea and the atmosphere. The physicochemical and biological properties of a surface microlayer (SML, a surface film), are clearly and onto particulates (Liss et al., 1997) . However the surface microlayer is almost ubiquitous and cover most of the surface of the ocean, even under conditions of high turbulence (Cuncliffe et al., 2013) . Surface active molecules (surfactants) present in SML may modify the number of physical processes taking place in the surface microlayer: among others they affect the depth of penetration of solar radiation and gas exchange, e.g. the generation of aerosols from the sea surface (Vaishaya et al., 2012; Ostrowska et al., 2015; Petelski et 5 al., 2014) . Therefore, research on the influence of surfactants on the sea surface properties become an important task, especially in coastal waters and in a vicinity of the river mouths (Maciejewska and Pempkowiak, 2015) .
Surfactants comprises a mixture of organic molecules rich in lipids (fatty acids, sterols), polymeric and humus which proportions determine the various properties of the SML. Some organic compounds possess the 10 optically active parts of the molecules, i.e. chromophores, that absorb the light energy (CDOM, chromophoric dissolved organic matter), and fluorophores, that absorb and emit the light (FDOM). Due to the complexity and variability of the composition of the marine organic matter mixture, the best tool (fast and reliable) to detect and identify the organic matter in seawater is the absorption and fluorescence (excitationemission matrix) spectroscopy (Stedmon et at, 2003; Hudson et al., 2007; Coble, 2007) . A unique structure of 15 the energy levels of these organic molecules results in a specific spectral distribution of the light intensities absorbed and emitted by the molecules. Hence, the absorption and fluorescence spectra of organic compounds may allow the identification of the sources of organic matter (Coble, 1996; Lakowicz, 2006) . The analysis of the absorption and 3D fluorescence spectra enabled to calculate several indices describing the changes of a concentration, a molecular weight, a composition of CDOM/FDOM and a rate of degradation 20 processes of the organic matter occurring in the study surface layers.
There are many applications of the absorption and fluorescence spectroscopy in oceanographic studies on mixing water masses locally, e.g. in estuaries (Williams et al., 2010) and in global scale (Jorgensen et al., 2011) . The studies were conducted in various natural waters as e.g. Chinese lakes (Zhang et al 2013; Chen et al., 2011) , Indian Ocean (Chari et al., 2012) , American estuaries (Glatzel et al., 2003; McKnight et al., 1997;  25 Moran et al., 2000) and in studies on dilution sea basins, such as the Baltic (Kowalczuk et al., 2010; Drozdowska et al., 2002) and Arctic (Gueguen et al., 2007) that considered the differences in FDOM components from the rivers, lakes and inland water. This paper is focus on distinguishing fate and concentration of specific CDOM/FDOM components of organic matter to detect and describe the processes that occur in the sea surface microlayers (SML) and in 30 subsurface layers (SS), a depth of 1 m. Research are based on the absorption and fluorescence spectra and several absorption and fluorescence indices. Investigations concern the region of Gulf of Gdansk, along a transect from the Vistula River outlet (the biggest Polish river) to open sea. study area is under direct influence of the main Polish river system, Vistula, which drains the majority of Poland (Uścinowicz, 2011) . The following tasks were performed at every station: (i) measurement of the hydrophysical parameters (CTD), (ii) sampling the seawater from SML and SS, (iii) preparation the samples to the appropriate laboratory tests (filtration and proper maintenance) and (iv) meteorological observations. The SML samples were collected by the metal Garret's net of 500 μm mesh. This technique allows collecting 5 water from the top-layer of an approximately 1 millimeter (Garrett, 1965) . In the same places the SS samples from a depth of 1 m were taken by a Niskin bottle. The unfiltered samples were placed into dark bottles and stored at 4°C. During sampling the measurements of temperature and salinity of a surface layer were conducted. Sampling was carried out when the sea state was 1-4 B only, and there were no detectable oil spills. Additionally, the meteorological observations (e.g. recorded wind speed and wind direction and a high 10 of a wave) during sampling, proved to be valuable in the interpretation of extraordinary results. During sampling, in two research cruises, at April in 2015 and September in 2016, the wind speed was almost equally to zero. However, in October in 2015, a northern-west wind was recorded (3-4 B). In October the cruise started after a week-long storm of northerly winds resulting in the influx of water from the open sea and strong mixing of fresh with coastal and sea water. That allows the explanation of the surprisingly low 15 concentrations (typical for a salinity above 7) of organic matter recorded along entirely transect W, even at the vicinity of the mouth of the Vistula River. 
CDOM and FDOM laboratory measurements.
The studies conducted in laboratory are: (i) measurements of absorption and (ii) 3D fluorescence (EEM) spectra of the surface (SML) and subsurface (SS) samples, from 27 stations. Spectrophotometric and spectrofluorometric measurements of the samples were carried out in 24 hours after collection without any 25 previous treatment at room temperature.
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be retained on the filter by sorption processes (Ćosović and Vojvodić, 1998) . Therefore, the all studied samples are analyzed without filtration. Samples for absorption and fluorescence measurements were treated in the same manner.
Absorbance scans, from 240 to 800 nm (1 nm slit width), were conducted using 10 cm cuvette by Perkin
Elmer Lambda 650 dual-beam spectrophotometer connected to a PC computer. Milli-Q water was used in the 5 reference cell. Absorbance measurements, A, at each wavelength (λ) were baseline-corrected. CDOM absorption coefficients were calculated by multiplying the corrected optical density by 2.303/l, where l is the cuvette path length in meters. The detection limit for the equipment was generally less than 0.002 (so the precision was 0.046 m -1 using 10 cm cells).
The 3D steady-state fluorescence spectra (3D EEMs) of the samples, and of Milli-Q water, were carried out 10 using VARIAN Cary Eclipse spectrofluorometer using a 1 cm high sensitivity quartz cell and with 5 nm bandwidth in both excitation and emission, respectively. The excitation of the 3D EEM was fixed in a spectral range 250 -500 nm, with a step 10 nm. The emission of the 3D EEM was recorded in a spectral range 300 -600 nm, with a step 2 nm. To make the normalization of 3D EEM spectra, the 3D EEM of Mili-Q water was measured at the beginning of lab measurements every time after the cruise (sampling). Next, the 15 intensity of the Raman emission band as the area, in a range: 374 -424nm, below the Raman emission curve induced at 350 nm (in literature: 355nm) was calculated (Murphy et al., 2010) . Normalization of 3D EEM spectra of the samples, i.e. conversion into Raman units (R.U.), was performed by subtracting the 3D EEM of Milli-Q water from the 3D EEM of the samples and then by dividing the resulting spectra by the respective value of Milli-Q water Raman intensity.
20

CDOM and FDOM optical properties
Analysis of the absorption spectra enabled to calculate the absorption coefficient, a CDOM ( ), (applied as a proxy of CDOM concentration) and several absorption indices. The proposed spectral indices, defined as the ratios of absorption coefficients, are independent on the CDOM concentration, that is very important,
25
because CDOM concentration may vary in a small basin even several times (up to 5-times). The ratios of absorption coefficients at 250 to 365nm (called E 2 :E 3 ) and at 450 to 650 nm (called E 4 :E 5 ) are used to track changes in the relative size and the aromaticy of CDOM molecules; briefly, when a molecular size and aromaticy increase, the values of the ratios E 2 :E 3 and E 4 :E 5 decrease. This is caused by the stronger absorption at the longer wavelengths occurring due to the presence of larger and higher molecular weighted
30
(HMW) CDOM molecules (De Haan and De Boer, 1987; Peuravouri and Pihlaja, 1997; Chin et al., 1994; Helms et al., 2008 , Summers et al., 1987 . However, in many natural waters the absorption at 664 nm is often little or immeasurable and then the absorption at 254 nm (or 280 nm) is used in lieu of the E 4 :E 6 ratio as an indicator of humification or aromaticy (Summers et al., 1987 , -wavelength (nm), S -absorption spectral slope (nm -1 ) and K -a background constant, arising from residual scattering or attenuation by not chromophoric organic matter. The spectral slope coefficient, S, of the absorption spectra, calculated in various spectral windows (Carder et al., 1989; Blough and Green, 1995 ) is used as a proxy for CDOM composition, including the ratio of fulvic to humic acids and molecular weight (Stedmon and Markager, 2003; Bracchini at al., 2006) . The use of S in the 5 narrow spectral range allows to reveal subtle differences in the shape of the spectrum and this in turn gives insight into the origin of organic matter (Sarpal et al., 1995) . Therefore to calculate the slopes of the absorption spectra the smaller and more discrete spectral ranges are used as they show a great variability depending on the origin of marine CDOM (marsh, riverine, estuarine, coastal and open sea). The use of narrow wavelength intervals is advantageous as they minimize variations in S caused by dilution (Brown, 10 1977) . The ratio of the spectral slope coefficients (S 275-295 and S 350-400 ), S R , is related to DOM molecular weight (MW) and to photochemical induced shifts in MW that consistently increased upon irradiation and of CDOM (Helms et al., 2008) . It was reported that the photochemical degradation of terrestrial DOM generally causes an increase in the absolute value of the spectral slope coefficient, while biological degradation did not affect the spectral slope coefficient, or unless DOM molecules had undergone photodegradation process, it causes a decrease of a spectral slope coefficient. Hence, the simultaneous photo-and biodegradation processes may compensate their effects on the spectral slope coefficient values (Moran et al., 25 2000) .
Analysis of 3D EEM fluorescence spectra of marine waters are based on interpretation of distinct fluorescence intensity peaks proposed first time by Coble (1996) for different types of natural waters, where A is the terrestrial humic substances peak, C the terrestrial fulvic substances peak, M the marine fulvic substances peak and T the proteinaceous peak. The recognized positions (energies) of excitation and 30 emission wavelengths (in: nm/nm) of the main components (A, C, M, T) of marine FDOM at the 3D spectrum, for the Baltic Sea, are: 250/437, 310/429, 300/387 and 270/349, respectively; em =+/-5 nm, (Kowalczuk et al., 2005; . Based on the 3D (EEM) fluorescence spectra several indices are calculated. The fluorescence intensities of the main FDOM components: A, C, M and T (in Raman units, R.U.) are used as a proxy of FDOM concentration. A percentile contribution of the main 35 FDOM fluorophores, calculated as the ratio of the respective peak intensity (A, C, M or T) to the sum (A+C+M+T) of all peak intensities, gives information about the relative changes of a fluorophore composition in a sample (Kowalczuk et al., 2005; . Another fluorescence indices are the ratio (M+T)/(A+C) (Parlanti et al., 2000) and HIX index. The ratio (M+T)/(A+C) (Drozdowska et al., 2013) allows assessing a relative contribution of the organic matter recently produced,
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in-situ, (M+T) in the sea to molecules characterized by highly complex structure (A+C) ); the values > 1 indicate the predominant amount of autochthonous DOM molecules, while < 0.6 indicate the allochthonous ones. HIX index is calculated as a ratio of fluorescence intensity at a long wavelength part (435-480) of the fluorescence spectrum (induced in 255nm) to a short wavelength band (330-346 nm) (Chen et al., 2011; Zsolnay et al., 1999; Milori et al., 2002) . HIX index reflects the structural changes that occur in the process 5 of humification, causing an increase in both aromaticy (the ratio C/H) and molecular weight of DOM molecules. The applied indices enable to evaluate a relative contribution of the organic matter recently produced, in-situ, in the sea (M and T / an intensity of a short-wavelength fluorescence band) and the molecules characterized by a highly complex structure (A and C / an intensity of a long-wavelength fluorescence band). Thus, the applied indices allow you to assess whether the allochthonous (terrestrial, 10 aromatic and highly weighted molecules) or autochthonous (marine humic-like and protein-like and low molecular weighted ones) organic matter predominate (Chari et al., 2012) .
Results
Absorption analysis
Analysis of the absorption spectra enabled to calculate the absorption coefficients. The absorption at 254 nm 15 exhibits the greater sensitivity to salinity changes than other wavelengths and will be applied as a proxy of CDOM concentration. Fig. 2 . presents the absorption spectra, for the nearest-shore, W1, and the most offshore, W9, stations. for SS and 1.34, 1.35 and 1.45 for SML, respectively. Hereof, the slope ratio, S R , was higher in SML than in SS in the open sea (W9), while it was opposite in a region around the Vistula river mouth (W1). However in W1 (the open sea) the differences were 3.1, 1.5 and 3.5 %, while in W9: 10.5, 5.4 and 11.9 %.
Next, another absorption indices that describe the changes of molecular size/weight (the E 2 :E 3 ratio) and 
5
Furthermore, the values of S, S R and MW are 2-, 0.5-and 3-times higher, respectively, in a vicinity of the river outlet than in open sea.
Fluorescence analysis
Based on the analysis of 54 EEM spectra of seawater (27 samples The percentile statistical distribution of fluorescence peak intensities in the SML and SS layer in two water 10 masses characterized by salinity threshold less that 7 and higher than 7, have been presented in Fig. 6a and 
Figure. 5. Dependence of the fluorescence intensity of the main FDOM components: a) A, b) C, c) M and d) T as a linear relation to salinity for the samples from the sub-surface water (SS; top panels) and the sea surface microlayer (SML; bottom panels).
5
Discussion
The values of the absorption coefficient, a CDOM ( ) show that with an increase of a distance from the river outlet, the intensity of light absorption (a proxy of amount of organic matter) is decreasing significantly, both in SML and SS. It shows that the main source of CDOM in the study area is the Vistula River. Additionally, the differences between the absorption values for SML and SS become smaller and smaller. The analysis of 20 several absorption indices (S, S R and E 2 :E 3 ) may reveal the changes in composition and a decrease in molecular weight of organic matter with an increase of salinity and a distance from the mouth of the river.
Ocean Sci. Discuss., doi:10.5194/os-2017 Discuss., doi:10.5194/os- -4, 2017 Manuscript under review for journal Ocean Sci. the amount of molecules of lower molecular weight produced in the sea (M and T) and this process acts more rapidly in SML, (Fig. 8) . The above conclusion is confirmed by the results of the ratio (M+T)/(A+C) and HIX index, which achieve respective higher and lower values in the SML than in SS due to higher fluorescence intensity at a short wavelength band belonging to marine FDOM components (M and T). The
elevated values of HIX in the SS are an evidence of a more advance humification process of the organic molecules that make the organic molecules more condensed and with higher aromaticy.
Conclusions
The results of the studies on the absorption and fluorescence properties of the organic matter included in the 
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Summarizing, the distributions of light intensity reached over or behind the sea surface is modified effectively by the specific absorption and/or emission of a light by surfactants. The degradation processes of the organic molecules contained in SML and SS proceed at different rates. Hence, the DOM molecules included in the SML can specifically modify the physical processes associated with the sea surface layer. It should be necessary to continue a study on the physical properties of surface microlayer in other Baltic Sea 25 sites and in less urbanized and more natural and pristine region, like Arctic.
